Introduction
============

Allergic rhinitis is a disease that affects the upper airway tract causing inflammation of the nasal mucosa. It is mediated by immunoglobulin E (IgE) antibodies which are produced after exposure to and sensitization by environmental allergens. The most common symptoms, nasal congestion, watery rhinorrhea, sneezing and itching, can be reversed spontaneously or by treatment. Allergic rhinitis depends both on environmental and genetic factors.^([@R1])^

Epidemiologic data suggest that the prevalence of allergic rhinitis has been increased in developing countries during the last decades.^([@R2])^ A recent survey conducted in Brazil reported that this disease is highly prevalent among male children and adolescents receiving medical attention in emergency care services.^([@R3])^

Allergic rhinitis and asthma are both respiratory diseases which have similar immunopathological mechanisms.^([@R4])^ It has been suggested based on epidemiological and experimental data that allergic rhinitis and asthma represent the manifestations of one syndrome with a wide spectrum of severity.^([@R5])^ Therefore it is possible that the genetic and environmental factors causing susceptibility to asthma are also involved in susceptibility for allergic rhinitis.

The ABO histo-blood group system is one of the genetic risk factors linked to the susceptibility to asthma in some populations. Independent studies have analyzed the importance of this system in both children and adults in respect to asthma. One such study found statistically significant differences in the frequencies of the ABO and related secretor phenotypes in Australian adults^([@R6])^ and another reported a greater incidence of A and B red blood cell phenotypes in patients with different atopical conditions compared to controls.^([@R7])^ Associations between the ABO and Secretor systems and asthma have also been observed in Italian^([@R8])^ and Taiwanese children^([@R9])^ but not in Indian adults.^([@R10])^ Despite these contradictory results observed among patients suffering from asthma, studies associating these genetic markers with allergic rhinitis are scarce.

The composition of the glycoconjugate profile of the respiratory epithelium and of the exocrine secretions is controlled, at least in part, by epistatic interactions between the ABO (*ABO*; 9q34.1) and Secretor (*FUT2*; 19q13.3) genes and influenced by their polymorphisms.^([@R11])^ As these profiles represent important risk factors for the adherence of microorganisms and allergens^([@R12])^ it is possible that the action of the set of *ABO* and *FUT2* genes influence the susceptibility to other respiratory diseases apart from asthma. The objective of this study was to test the hypothesis that ABO histo-blood group systems is associated with allergic rhinitis.

Methods
=======

Ethical considerations
----------------------

This study was approved by the Research Ethics Committee of the Medicine School in São José do Rio Preto (Case 085/2008) and all participants, after receiving information about the objectives of the study, gave their informed written consent.

Selection of patients and controls
----------------------------------

One hundred and sixty-eight adult patients of both genders were enrolled. Under 18-year-old patients, smokers and those with a diagnosis of asthma were excluded. All patients were matched by age and gender with controls (n = 168) without allergic rhinitis or asthma. Taking in account the results of a previous study^([@R9])^ the number of patients enrolled is sufficient to demonstrate the differences in the ABO histo-blood group system with power higher than 90%.

Diagnosis of allergic rhinitis
------------------------------

The diagnosis of allergic rhinitis followed the criteria proposed by the Second Brazilian Consensus for Rhinitis.^([@R1])^ The clinical history of the patient, any family history of the disease, a physical examination and the patient\'s report (symptoms of rhinitis more than four days a week for five consecutive weeks) were recorded. The cardinal symptoms considered were nasal congestion, watery rhinorrhea, paroxysmal sneezing and pruritus of the nose and/or palate or eyes.

Blood sample collection
-----------------------

For each participant, a 5-mL sample of peripheral blood was drawn by venous puncture and placed in a vacuum tube containing ethylenediaminetetraacetic acid (EDTA). Red blood cells were utilized to determine the ABO phenotypes.

Identification of the red blood cell phenotype of the ABO histo-blood system
----------------------------------------------------------------------------

The identification of the red blood cell phenotype of the ABO histo-blood system was achieved employing the direct and reverse phenotyping method following the protocol of Mattos et al.^([@R13])^ Direct phenotyping, which identifies red blood cell antigens, is achieved by adding a drop of 5% red blood cells diluted in an isotonic solution to three clearly identified test-tubes containing monoclonal antibodies (anti-A, anti-B and anti-A,B) (Fresenius-Kabi, São Paulo, Brazil). Reverse typing, which identifies the regular antibodies of the plasma, is achieved by adding drops of standard A~1~ and B red blood cells to two clearly-marked test tubes containing two drops of plasma (Fresenius-Kabi, São Paulo, Brazil). The red blood cell phenotype was identified for each participant by the presence or absence of agglutination in the different steps of direct and reverse phenotyping.

Statistical analysis
--------------------

To demonstrate any association between results, the exact Fisher test and Pearson\'s chi-squared test with Yates correction were used with the limit of significance being set at 5%. The values of odds ratio (OR) and 95% confidence interval (CI) were calculated.

Results
=======

The results of the analysis of the data of patient and control groups, both with ages ranging from 18 to 85 years, are shown in [Table 1](#T1){ref-type="table"}. The mean ages were statistically similar (patients: 39.8 ± 17.5 years; control: 39.1 ± 16.7 years; p-value = 0.714).

###### 

Mean age and frequencies of ABO histo-blood group phenotypes of patients with allergic rhinitis and controls

  Phenotypes   Patients   Controls   OR    CI 95%   p-value[\*\*](#T1-fn2){ref-type="table-fn"}                  
  ------------ ---------- ---------- ----- -------- --------------------------------------------- -------------- -------
  A            53         31.5       68    40.4     0.677                                         0.432- 1.061   0.111
  B            18         10.7       21    12.5     0.840                                         0.430- 1.641   0.733
  AB           3          1.8        8     4.7      0.363                                         0.094- 1.396   0.218
  O            94         56.0       71    42.4     1.735                                         1.127- 2.673   0.016
  Total        168        100.0      168   100.0                                                                 

\*For all ABO histo-blood group phenotypes of patients and controls (χ2: 7.569; DF: 3; p-value = 0.055)

\*\*Calculated by Exact Fisher\'s test

The overall differences in the frequencies of the ABO histo-blood group systems between patients and controls were marginal (χ^2^: 7.569; degrees of freedom (DF): 3; p-value = 0.055) however the O blood group was associated with allergic rhinitis (χ^2^: 5.764; DF: 1; p-value = 0.016; OR: 1.735; CI 95%: 1.127-2.673).

[Table 2](#T2){ref-type="table"} shows the results of the analysis of the patients and controls by gender. The differences in the frequencies of the ABO histo-blood group system phenotypes between patients and controls were statistically different for men (χ^2^: 8.520; DF: 1; p-value = 0.003) but not for women (χ^2^: 0.6375; DF: 1; p-value = 0.4246).

###### 

Frequencies of ABO histo-blood group phenotypes of allergic rhinitis patients and controls by gender

       ^[£](#T2-fn3){ref-type="table-fn"}^ Patients (n = 168)          Controls (n = 168)                                          
  ---- -------------------------------------------------------- ------ -------------------- ------ ------- ---- ------ ---- ------ -------
  A    11                                                       20.4   42                   36.8   0.034   22   40.7   46   40.3   1.000
  B    3                                                        5.6    15                   13.2   1.184   7    12.9   14   12.3   1.000
  AB   1                                                        1.8    2                    1.8    1.000   2    3.7    6    5.3    1.000
  O    39                                                       72.2   55                   48.2   0.004   23   42.6   48   42.1   1.000

^¥^ Calculated using Fisher\'s exact test

\*For all ABO histo-blood group phenotypes from male and female patients (χ^2^: 8.895; DF: 3; p-value = 0.030) For all ABO histo-blood group phenotypes from male patients and male controls (χ :^2^9.729; DF: 3; p-value = 0.021)

^£^Patients (Aversus non-A): adjusted OR: 0.438, IC 95%: 0.201 - 0.941; p-value = 0.034

^£^Patients (O versus non-O): adjusted OR: 2.789, IC 95%: 1.385 - 5.616; p-value = 0.004

The A phenotype was associated with protection (OR: 0.4385; CI 95%: 0.2043-0.9415; p-value = 0.049) and the O phenotype was associated with susceptibility (OR = 2.789; CI 95%: 1.385-5.616; p-value = 0.005) to allergic rhinitis for men but not for women.

Discussion
==========

The patients and controls enrolled in this study came from the northwestern region of the state of São Paulo, Brazil, which is a predominantly a farming and cattle-breeding region without large industrial centers.^([@R14])^ This strategy was adopted in order to minimize the influence of industrial pollution, that is, atmospheric pollution which influences the prevalence of respiratory diseases.^([@R15],[@R16])^ Additionally, both patients and controls were non-smokers and were paired in respect to age and gender as there is evidence that these variables influence the prevalence of allergic rhinitis.^([@R1])^

The patient sample is representative of the population living in the region where this study was conducted in respect to ABO histo-blood group system. The overall frequencies of the four main phenotypes were similar to those reported in a previous study.^([@R13])^ The number of male patients enrolled in this study is lower compared to women. Probably, this difference reflects the cultural behavior of men who are less inclined to seek medical attention compared to women.^([@R17])^

The overall frequencies of the ABO histo-blood group phenotypes of patients and controls showed a tendency that the O blood group phenotype is associated with allergic rhinitis. Additional comparisons of the participants by gender showed a smaller number of A blood group and a larger number O blood group male compared to female patients. Based on the p-values and Odds Ratio, the strength of the association seems to be much higher for the O blood group suggesting that this blood group confers almost a threefold higher risk of allergic rhinitis in men than in women compared to the A blood group.

The results reported here are in disagreement with those evaluating the ABO histo-blood group and atopic diseases, including allergic rhinitis and asthma.^([@R6],[@R7],[@R10])^ Some aspects could contribute for these discordances. Our study evaluated only patients with diagnosis of allergic rhinitis. The majority of the patients enrolled in previous studies^([@R6],[@R7],[@R10])^ were carriers of atopic diseases other than allergic rhinitis and the data were pooled. Therefore it is difficult to compare their results with those reported here.

Despite the differences mentioned above, the results of this study are in agreement, at least in part, with those reporting an association between the O blood group and asthma in Italian^([@R8])^ and Taiwanese children^([@R9])^ and European adults.^([@R18])^ Since allergic rhinitis and asthma represent distinct manifestations of one syndrome,^([@R5])^ it is possible that the mechanisms implicit in the association between the O blood group and asthma also favor the association of this genetic marker and allergic rhinitis in male individuals.

The biological basis of the association between the O blood group and allergic rhinitis in men remains unclear. The *ABO* gene, responsible for the genetic control of the ABO histo-blood group system is autosomal and there is no evidence that its phenotypic expression and pattern of inheritance are influenced by gender.^([@R19])^ However the interaction between the O blood group and inflammatory immune response in the airway mucosa could increase the susceptibility for allergic rhinitis in men.

In fact, an inflammatory immune response characterized by increased lymphocyte infiltration in the gastric mucosa was observed in O blood group patients infected by *Helicobacter pylori*.^([@R20]^ Additionally, it was demonstrated that the expression of inflammatory proteins in nasal secretions is higher in men that are diagnosed with seasonal allergic rhinitis, even after treatment using anti-inflammatory drugs, compared to women.^([@R21])^ Therefore it is possible that the combined effect of the O blood group with the high expression of inflammatory proteins in the nasal secretions of male individuals contributes to the association observed in this study.

The importance of the ABO histo-blood group system as a risk factor for allergic rhinitis is still unknown. The ABO histo-blood group system is characterized by the expression of carbohydrate antigens in different tissues,^([@R11])^ which are present in mucins, selectins, integrin receptors and in endothelial growth factor, as part of the glycosylation process.^(22,23)^ The action of glycosyltransferases coded by the *ABO* genes modifies the glycoconjugate expression profile which reflects, at least in part, in the composition of the carbohydrates present in mucosae and exocrine secretions.^([@R12])^ In fact the terminal structure of the glycoconjugates expressed in the O blood group differs from those expressed in the other ABO phenotypes.^([@R11],[@R19])^ Therefore the differences between distinct glycoconjugate profiles create different binding sites on the terminal structure the oligosaccharide chains.^([@R12])^

Since these glycoconjugates act as potential receptors for microorganisms, those expressed in the O blood group may bind allergens and influence the immune response.^([@R12],[@R24],[@R25])^ It is possible that the profile of the glycoconjugates expressed by individuals with the O blood group, allied with the predisposition of men to express a higher level of anti-inflammatory proteins in nasal secretions favors the adherence of environmental allergens to the mucosa of the upper airway tract, thereby increasing their susceptibility for allergic rhinitis.

The association between the O blood group system and allergic rhinitis in men reported in this study contributes to a better understanding of the physiopathology and clinical variability of this disease and may help to improve strategies towards its prevention and diagnosis. Additionally, ABO histo-blood group phenotyping, an inexpensive and easily-to-perform assay, could be used to identify individuals at risk of developing allergic rhinitis.

Despite of the criteria adopted for the diagnosis of allergic rhinitis, the results of this study must be considered as preliminary as the measurement of specific IgE and the prick test were not performed for specific allergens. Even so, it sheds some light on the importance the genetic polymorphisms in the susceptibility for one specific respiratory disease the prevalence of which has been increasing over recent decades.^([@R2])^ Similar investigations on patients from other Brazilian regions would be desirable to confirm the association reported here.

This study demonstrates the importance of the ABO histo-blood system and the gender in the manifestation of a respiratory disease influenced by environmental factors. Although only allergic rhinitis was evaluated, the results of this study agree, at least in part, with the observations on children^([@R8],[@R9])^ and adults^([@R18])^ in relation to asthma.

Conclusion
==========

The O blood group phenotype of the ABO histo-blood group system is associated with allergic rhinitis in male but not in female patients.
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